Recent studies have indicated that the terms "NAIRU" (non-accelerating inflation rate of unemployment) and "natural rate of unemployment" are not interchangeable. While NAIRU is an empirical macroeconomic relationship estimated via a Phillips curve, the natural rate is an equilibrium condition in the labor market, reflecting the market's microeconomic features. This paper evaluates comparatively the inflation-forecasting power of alternative time-varying estimates of the natural rate of unemployment relative to the NAIRU. I estimate the natural rate of unemployment in the U.S. since World War II. Three alternative methods are utilized: the Kalman filter, a structural determinants approach, and the Hodrick-Prescott filter. In the section that follows, I assess how each estimator of the natural rate compares to the others-as well as to the NAIRU derived from a Phillips curve-in forecasting inflationary changes in the United States in the second half of the twentieth century. The analysis reveals that the overall inflation-forecasting utility of the natural rate of unemployment relative to the NAIRU is not very different. Moreover, the conclusion appears to be quite robust to various estimators of the natural rate.
I. INTRODUCTION
Recent studies correctly indicate that the terms "NAIRU" (non-accelerating inflation rate of unemployment) and "natural rate of unemployment" are not interchangeable. For example, Chang (1997) holds such a view and bases it upon the notion that unemployment-inflation tradeoffs may arise in more than one way. Espinosa-Vega and Russell (1997) go further than Chang and argue that the presence of two expressions for these similar concepts was born out of the interaction of the classical and Keynesian schools and the neoclassical synthesis. Grant (2002) identifies NAIRU as an empirical macroeconomic relationship estimated via a Phillips curve, and the natural rate as an equilibrium condition in the labor market, reflecting the market's microeconomic features. Given this distinction, Grant employs Okun's Law to estimate a time-varying natural rate, and then examines the utility of the estimated natural rate series to forecast inflation relative to an estimated NAIRU series derived from a Phillips curve. Despite their theoretical and empirical differences, the two yield similar inflation-forecasting power.
While Okun's Law affords one avenue for estimating the natural rate of unemployment, it is not the only method for estimating the rate of unemployment consistent with equilibrium in the labor market. Hence, while Grant makes a key contribution toward assessing the relative utility of NAIRU and the natural rate in forecasting inflation, it is not clear whether Grant's conclusion is robust to alternative estimators of the natural rate of unemployment.
3 The purpose of this paper is to extend Grant's analysis to evaluate comparatively the inflation-forecasting power of alternative time-varying estimates of the natural rate of unemployment relative to the NAIRU. The analysis proceeds as follows. In the next section of the paper, I estimate three different time paths of the natural rate of unemployment in the U.S. since World War II. Three alternative methods are utilized:
the Kalman filter, a structural determinants approach, and the Hodrick-Prescott filter. In the section that follows, I assess how each estimator of the natural rate compares to the others-as well as to the NAIRU derived from a Phillips curve-in forecasting inflationary changes in the United States in the second half of the twentieth century. The analysis indicates that Grant's result is robust to estimators of the natural rate of unemployment beyond Okun's Law. Following presentation and discussion of the results, I provide a few concluding comments.
II. ESTIMATION OF THE TIME PATH OF THE NATURAL RATE OF UNEMPLOYMENT
A. The Kalman Filter
The Model
The actual rate of unemployment, which is observed frequently and relatively easily, may be thought of as the sum of two distinct components. Similarly, I introduce two disturbances to unemployment: one that has a temporary effect and one that is permanent. Again, it is helpful to regard the permanent disturbances as supply shocks that change the full-employment level of output, and the temporary disturbances as demand shocks that cannot change the full-employment level of output.
Specifically, I follow King, Stock, and Watson (1995) , Staiger, Stock, and Watson (1997a) , Gordon (1997 and 1998) , Wieland (1998) , Laubach (2001) , and Apel 5 and Jansson (1999a, 1999b) and assume that the natural rate of unemployment NAT t U follows a random walk. Further, I let the cyclical rate of unemployment β t exhibit serial correlation; Apel and Jansson (1999a, 1999b ) make the same assumption. Again, as in the work of Blanchard and Quah, shocks to cyclical unemployment are thought to be from the demand side, and limited in persistence.
Thus I incorporate the assumption that shocks to cyclical unemployment are temporary and that shocks to the natural rate of unemployment are permanent.
Therefore, a given policymaker's best approximation to her stochastic environment may be characterized as:
where ρ is between zero and one and where t  and t  are independently distributed error terms with 2 2 (0, ),~(0, ). Second, for the decomposition of the unemployment rate that follows, it is helpful to maintain a clear dichotomy between the two sources of shocks. Of course, such a 6 specification precludes the possibility of hysteresis in unemployment. That is, shocks to cyclical unemployment can never have an impact upon the natural rate of unemployment, and vice versa.
Empirical Model Estimation
The series of data that I use in order to estimate the natural rate of unemployment via the Kalman filter is the civilian unemployment rate taken from the Bureau of Labor
Statistics's Current Population Survey. The data are annual, ranging from 1947 to 1998. 2
The Kalman filter is useful in providing an optimal updating scheme for the unobservable natural rate of unemployment, and may be used to produce smoothed estimates of an unobservable series. Figure 1 depicts the unemployment rate series together with the estimated series of its underlying components from 1949 to 1998. The estimated natural rate appears fairly stable over the period. The analysis indicates that the natural rate was near five percent at the beginning of the period, rose to about six percent during the early 1980s, and then fell to a 1998 level of approximately 5.73%.
Complete results are given in Table 1 . Inspection of the resulting series indicates that the natural rate ranged from as high as 6.03% in 1983 to as low as 4.94% in the years 1951-52. Further observe that the highest estimated natural rate of 6.03% in 1983 closely corresponds to the highest level of unemployment in the period, 9.7% in 1982. Also of note are the years during which the analysis indicates that the unemployment rate lay below the natural rate of unemployment. These periods occur in 1951-57, 1964-70, 1973-4, 1979, 1988-90, and 1995-98. Having generated an estimate of the natural rate of unemployment, it is logical to ask whether these estimates outperform other estimates in any way. Such issues are taken up in the following sections.
B. A Structural Estimator of the Natural Rate

The Model
As the previous section produced estimates of the natural rate via the Kalman filter, this section of the analysis generates an alternative to those estimates for use in the comparative evaluation taken up later in the paper. Specifically, in this section I adapt the technique of Adams and Coe (1990) Following directly Adams and Coe, the regression equation for the demographically adjusted unemployment rate at time t, U t , has the following form:
where t y is real GDP at time t; tr t y is trend real GDP at time t; RMW t is the relative minimum wage, calculated as the ratio of the minimum wage to the average hourly wage;
SL t is the share of the labor force aged 16-24; UNN t represents union membership as a 8 percentage of nonagricultural unemployment; NWLC t is employers' contributions for Social Security and pension funds as a percentage of total wages and salaries; and UIRR t is the unemployment insurance replacement ratio, calculated as the ratio of the average weekly unemployment insurance benefit to the average weekly wage in covered employment.
The expected signs of the estimated coefficients on all of the structural variable terms are positive. As the GDP gap term represents actual GDP less trend GDP, the predicted sign of the estimated coefficient is negative. Adams and Coe (1990) and Coe (1990) both obtain the predicted signs in all cases. However, significance of the regression coefficients varied widely across the studies and alternative specifications.
Data and Estimation
Unemployment rate and labor force data are taken from the Bureau of Labor
Statistics's Current Population Survey. Real GDP data are from the Survey of Current
Business. RMW t is the ratio of the minimum wage to the average hourly earnings of production workers; average earnings data are from the Bureau of Labor Statistics. SL t is calculated directly from Bureau of Labor Statistics labor force data.
Unfortunately, unionization data have not been collected consistently by the same collector throughout the period. Hence, the series is constructed from several sources. Ashenfelter and Card (1986) supply data for the following years that had been missing prior to their study : 1971, 1973, 1975, 1977, and 1982 Defining y tr as a linear trend, 4 initial estimation of equation (4) 
Equation (5) I apply the filter to the 1947-1998 annual unemployment rate series; the resulting natural rate series appears in Figure 3 . The highest estimated natural rate using the Hodrick-Prescott filter is 7.6%, which occurs in 1983. The lowest estimated natural rate is in 1947, when the natural rate is estimated to be 4.1%.
III. COMPARATIVE EVALUATION OF NATURAL RATE ESTIMATORS
As Grant (2002) indicates, estimates of the NAIRU are derived from estimation of a Phillips curve. The purpose of this section is to evaluate such Phillips curve estimates of the NAIRU relative to the aforementioned time-varying estimates of the natural rate of unemployment in terms of their inflation-forecasting utility. To make this possible, the one-step-ahead inflation forecasting power of the NAIRU will be assessed and compared to that of natural rate estimates derived from the Kalman filter, the Hodrick-Prescott filter, and the structural determinants method. In all cases, the Phillips curve is used as the forecasting equation.
The importance of such testing lies in the fact that monetary policy does not consist of evaluating the overall fit of an equation during some past sample period.
Instead, policymakers must make forecasts upon which policy actions will be founded.
A. Phillips-Curve Estimation of the NAIRU
I employ a variant of the Phillips curve estimated by Roberts (1995) . The general form is
where t  is the rate of inflation, e t  is the expected rate of inflation, U t is the unemployment rate, NAT U here is the NAIRU, and  is a parameter greater than zero. Using a recursive least-squares procedure similar to that of Staiger, Stock, and Watson (1997b) , I estimate equation (6) beginning with the first third of the entire sample period of 1947-1998. The estimated coefficients are saved and used in conjunction with the forecasts of the unemployment rate and the change in oil prices in order to forecast inflation for the following year. This is done for each year, with increasing sample size.
In each year, the forecast of inflation is compared to the actual inflation rate, and the resulting forecast error is saved. As there are no lagged values of the dependent variable appearing on the right-hand side of the regression equation, calculation of the inflation forecasts is relatively straightforward.
Note that any possible multicollinearity between the two differenced oil price terms is not perfect since the coefficients on those terms change with each new 13 regression. Also, the variation in those coefficients is not nearly as important here as the combined impact of those two terms.
I generate one-step-ahead forecasts of inflation twice, once using the Livingston data in place of the expected inflation term, and once using the lagged inflation rate.
Their inclusion here amounts to a policymaker's incorporating such information in generating her forecast of inflation. I consider only the period ending in 1997 in order to match the latest possible forecast date using the data series from the structural method.
After generating the forecasts, I calculate the root mean square forecast error.
Note that, for the purpose here of forecasting inflation, it is not necessary to know an explicit estimate of the NAIRU for each subperiod. To see this, simply rearrange equation (6) 
B. Kalman-Filter Estimation of the Natural Rate
Using estimates of the natural rate of unemployment via the Kalman filter to forecast inflation has several advantages over the recursive least squares technique given in the preceding section. First, even under a recursive least squares process such as that described above, least squares-by definition-yields only an estimate of the NAIRU that may be thought of as an average of the NAIRU over the period or subperiod being considered. Hence, while the estimate of the NAIRU is being updated with each new observation, least squares estimates give equal weight to data from 1957 and from 1997.
In contrast, the Kalman filter gives greater weight to more recent observations than to those made long ago in the dynamic framework, producing a time-varying estimate of the natural rate of unemployment. Thus the Kalman filter arguably uses information in a superior fashion than does the recursive least squares setting. generating a forecast of inflation for the following period using the estimated parameters,
actual values of the independent variables, and the forecast values of the actual and natural rates of unemployment, as well as the univariate forecast of Δrpoil. The resulting inflation forecast is compared to actual inflation, the forecast error is calculated and saved, and this technique is repeated on a rolling basis with increasing sample sizes.
Note that the coefficients in the regression equation are re-estimated each time. As before, the root mean squared error is calculated. Again both lagged inflation and Livingston expectations are used in place of the e t  term.
C. Hodrick-Prescott Filter and Structural Estimation of the Natural Rate
In addition to the Kalman filter estimates of the natural rate and NAIRU estimates gleaned from a Phillips curve, I also consider whether the estimates of the natural rate that follow from the Hodrick-Prescott filter and those arrived at via the structural method of Adams and Coe may prove superior to either of the others in forecasting one-periodahead inflation. As in the Kalman filter case described in the preceding section, forecasts of the one-step-ahead unemployment rate, the one-step-ahead natural rate, and the onestep-ahead real oil price growth rate are needed in order to produce one-step ahead forecasts of the dependent variable.
In the Hodrick-Prescott filter case, and again beginning with the first third of the sample, the Phillips curve in (6b) For the case of Adams and Coe's structural method, recall that the structural method generates estimates of actual and natural unemployment rates as a function of certain structural variables such as the relative minimum wage and the percentage of the labor force that is unionized. Consequently, all that is required in order to forecast the unemployment rates is to estimate the structural equation using data through the present period and again make use of univariate time series forecasts-this time of the structural determinants. Substituting such forecasts into the estimated structural equation yields forecasts of the unemployment rates which may then be substituted into an estimated version of the Phillips curve given in (6b). Root mean squared errors are again calculated incorporating either lagged inflation or Livingston survey information.
D. Results
In light of the superiority of the way in which the Kalman filter incorporates new information, one might reasonably wonder whether the Kalman filter might produce onestep-ahead errors that fall at a faster rate than those yielded by the other estimators so that the forecast errors given by the Kalman filter method are relatively large early in the analysis but relatively small later.
In order to gain insight into this possible superiority of the Kalman filter in forecasting inflation, again consider the differences between estimates of the NAIRU To investigate this possibility, I calculate the root mean squared forecast error for each of the forecasts, but do so over different intervals. The shortest interval includes only 1997, the next includes 1997 and 1996, the next includes 1997-95, and so forth.
One would expect that the average forecast error becomes larger as the period becomes longer. The resulting series are plotted in Figures 4 and 5 . Figure 4 consists of the forecasts that incorporate the Livingston data, and Figure 5 consists of the forecasts that incorporate lagged inflation.
Unsurprisingly, the mean forecast errors of all equations and estimates of the natural rate grow larger as the period lengthens to include earlier and earlier years.
Further, in the case of forecasts incorporating the Livingston forecast of inflation, there is little variation in the root mean square error of the forecasts associated with the Kalman filter. However, it is the Hodrick-Prescott filter estimates of the natural rate that appear to produce the smallest RMSEs. While there is considerably more variation in the forecast errors associated with the equations incorporating lagged inflation rather than those incorporating the Livingston information, the natural rate estimates following from the Hodrick-Prescott filter again appear superior in forecasting.
Since the series correspond so closely in Figures 4 and 5 , Table 2 forecast of inflation may contain information regarding future inflation beyond that given by oil price shocks and unemployment rates alone, but that is unclear in the present analysis.
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Second, no single estimator-NAIRU or otherwise-appears to enjoy an advantage when the average forecast error is considered over the entire out-of-sample forecasting period. In fact, the root mean squared errors are nearly identical across all estimators, with the only exception being the slightly smaller RMSE for the HP estimator in the specification incorporating lagged inflation. Hence, no estimator appears superior.
Finally, recall that forecasting inflation via the Phillips curve required no specific knowledge of the NAIRU implicit in the regression equation given in (6a). Thus it appears that, no matter which estimate of the natural rate of unemployment one employs, such estimates add no value in forecasting inflation.
IV. CONCLUSION
This paper considers how well various estimators of the natural rate of unemployment perform in their ability to forecast inflation in a future period relative to the NAIRU. Specifically, a Phillips-curve is used to estimate NAIRU; following Staiger, Stock, and Watson (1997b) , recursive least squares is applied to a Phillips curve in order to estimate NAIRU and to generate one-step-ahead predictions of inflation. The forecast errors at each step are saved and the root mean squared forecast error is calculated.
Alternatively, the Kalman filter, the Hodrick-Prescott filter, and a structural determinants method are used to estimate the natural rate of unemployment. These estimates are then substituted into the Phillips curve to be estimated. In order to simulate the real-time forecasting problem faced by a policymaker, the Phillips curve is estimated on a rolling basis using each estimator of the natural rate. One-step-ahead inflationary forecasts are generated and saved; the root mean forecast error is calculated.
21
The analysis reveals that the overall inflation-forecasting performance of all estimators of the natural rate of unemployment relative to the NAIRU forecasts is not very different. This result provides additional support for the claim by Grant (2002) that the NAIRU offers no better utility in inflation forecasting than does the natural rate.
Moreover, the present analysis-in examining three estimators of the natural rate beyond
Okun's Law-confirms this hypothesis in a more exhaustive manner. As a result, the hypothesis appears to be quite robust to various estimators of the natural rate. An additional degree of robustness might be attained via examination of the hypothesis using data from nations other than the United States.
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